Pulmonary oedema after upper airway obstruction is well described. It commonly follows infection, oedema, tumour, foreign body or laryngospasm. Characteristically the oedema is bilateral (although it may begin unilaterally) unless there is an underlying defect or abnormality in one of the lungs, in which case it may present unilaterally. Pulmonary oedema may also present unilaterally after re-expansion of a previously collapsed lung, in a traumatized single lung or following unilateral aspiration. We report a case of persistent unilateral pulmonary oedema in a previously fit, healthy patient who developed laryngospasm after extubation in the lateral position.
CASE REPORT
A 21-year-old, fit, healthy man (ASA 1) presented for plating of a bilaterally fractured mandible sustained from a punch to the face. There had been no loss of consciousness and no other injuries. The patient was alert and orientated and had maintained a Glasgow Coma Score of 15 since the time of injury. Marked trismus was present and the patient was unable to open his mouth fully. Neck movements were normal and he was fasted appropriately for anaesthesia. A preoperative chest radiograph was entirely normal and his chest was clear on auscultation.
The patient was pre-oxygenated and given intravenous glycopyrronium 0.2 mg. General anaesthesia was induced with propofol 200 mg and maintained using nitrous oxide, oxygen and isoflurane via a facemask and a Lack co-axial system with spontaneous breathing. Subsequent laryngoscopy gave a clear view of the larynx (Grade 1). The patient was therefore paralysed with vecuronium 10 mg and given 150 µg of fentanyl intravenously. Nasal intubation was carried out easily using a 7.0 Portex endotracheal tube. A throat pack was inserted and the patient's lungs were ventilated using the Dräger Narkomed 4B ventilator with a circle system. Anaesthesia was uneventful, lasting a total of two and a half hours. The patient maintained an oxygen saturation greater than 97% throughout and was given a total of 1500 ml of Hartmann's solution. Ketorolac 30 mg was given intramuscularly during the procedure. The estimated blood loss was approximately 300 ml.
At the end of surgery neuromuscular blockade was reversed with neostigmine 2.5 mg and glycopyrronium 0.5 mg and spontaneous breathing resumed. The throat pack was removed after the surgeons had cleared any remaining blood in the oral cavity. Pharyngeal suction was then carried out under direct vision. There was minimal blood in the pharynx beyond the throat pack. A drain had been inserted on the left side of the face and the patient was therefore turned onto his right side on the operating table while breathing 100% oxygen. Immediately after extubation he developed profound laryngospasm. Oxygen saturation fell to 75% and he became cyanosed. Marked paradoxical respiratory efforts were visible with pronounced diaphragmatic movement and intercostal recession. The patient was maintained on 100% oxygen and slight positive pressure was applied using a facemask while suxamethonium and a new endotracheal tube were prepared for use. After approximately one minute, however, the laryngospasm resolved. Spontaneous breathing resumed, oxygen saturation improved steadily to 95% and he was taken to the recovery room.
Within a few minutes in recovery his condition deteriorated with a fall in oxygen saturation to 92% despite continued inspired oxygen therapy. He had remained on his right side since extubation. Auscultation of the chest revealed fine unilateral crepitations on the right side. A chest radiograph confirmed the clinical findings with unilateral shadowing on the right (Figure 1 ). However it was noted that the film also showed some apparent mediastinal displacement to the right with hyperlucency of the left lung field. It was considered that this was due mainly to a rotated view of the chest as the clavicles were not symmetrical, clinically the patient's trachea was central and the left side of his chest not hyperexpanded. An initial diagnosis of pulmonary aspiration was made.
Physiotherapy was started during which there was a further marked deterioration in his condition with the production of copious quantities of pink, frothy sputum. His oxygen saturation fell further and he became increasingly dyspnoeic. It was now clear that the diagnosis was pulmonary oedema secondary to laryngospasm. Auscultation of his chest still revealed unilateral crepitations only. Oxygen was given via a Hudson mask and intravenous frusemide was given but his saturation continued to fall. One hundred per cent oxygen was applied via a tight-fitting facemask in the semi-recumbent position and a rapid sequence induction was undertaken with propofol 120 mg, suxamethonium 100 mg and cricoid pressure.
After induction of anaesthesia and paralysis, removal of the facemask revealed copious pink, frothy pulmonary oedema exuding from the mouth and nostrils. This was so profuse that no view of the larynx could be obtained initially. Eventually, with constant suction, endotracheal intubation was carried out and the airway was secured. Intermittent positive pressure ventilation was started with 100% oxygen and the patient's oxygen saturation immediately improved to 98%. An intravenous infusion of propofol was started for sedation and the patient was transferred to the intensive care unit. Arterial and central venous lines were inserted and positive pressure ventilation was continued for six hours. A further chest radiograph showed persistent right-sided shadowing consistent with pulmonary oedema but no evidence of mediastinal displacement or abnormality of the left lung. The patient remained haemodynamically stable throughout this period and his gas exchange returned to normal. A chest radiograph the following morning showed complete resolution of the right-sided shadowing with no evidence of aspiration. The patient was successfully extubated and was discharged to the ward.
A further chest radiograph was reported as entirely normal and it was considered unnecessary to investigate the patient further for any underlying lung defect. He went home a few days later, having made a complete recovery.
DISCUSSION
Pulmonary oedema occurring as a complication of acute upper airway obstruction was first described in children in 1973 1 . Since then it has been well documented in adults and children [2] [3] [4] . It is bilateral unless there are underlying lung or cardiac abnormalities. Our case of unilateral presentation was unusual because there appeared to be no predisposing factors and the pulmonary oedema remained unilateral throughout.
The pathophysiology is multifactorial but seems to be directly related to the large negative intrapleural pressures generated by vigorous respiratory effort against a totally obstructed airway. This causes an increase in venous return while simultaneously placing an afterload stress on both left and right ventricles. The subsequent rapid increase in pulmonary blood volume and microvascular pressures leads to disruption of the alveolar-capillary membrane resulting in pulmonary oedema. Other factors promoting pulmonary oedema include an intense adrenergic response leading to central redistribution of blood volume and hypoxia-induced pulmonary vasoconstriction which injures the capillary membrane causing increased vascular permeability.
Unilateral pulmonary oedema occurs most commonly after rapid re-expansion of a collapsed lung 5 . The underlying pathophysiology is similar to that described above; a sudden increase in negative intrapleural pressure causes an increase in blood flow and pulmonary capillary pressure. Hypoxic endothelial injury may also cause inhibition of surfactant production and increased pulmonary vascular permeability. All these factors promote pulmonary Care, Vol. 25, No. 5,October 1997 oedema. Other causes of unilateral pulmonary oedema include: unilateral veno-occlusive disease, aspiration pneumonitis, pulmonary contusion, cerebral or autonomic dysfunction and prolonged lateral decubitus position 6 .
A diagnosis of pulmonary oedema secondary to aspiration pneumonitis was considered in our patient, but the rapid, complete resolution of clinical signs made this unlikely. The initial chest radiograph suggesting some mediastinal shift and hyperlucency of the left lung caused some initial confusion and a further differential diagnosis of unilateral bronchial obstruction was also considered. However the rotated view and profound clinical signs of pulmonary oedema also made this an unlikely diagnosis. The patient's vigorous respiratory efforts after relief of the laryngospasm may have caused a relative overexpansion of the left lung in view of the poorly compliant nature of the now oedematous right lung, thus creating a radiographic picture of apparent hyperlucency.
A sudden increase in pulmonary blood volume appears to be the major mechanism in the formation of pulmonary oedema and it is possible that two factors were important in our patient. Firstly the right lateral position would have increased the blood flow to the dependent lung, contributing to an increase in pulmonary hydrostatic pressure. Secondly, cerebral autonomic dysfunction may have caused pulmonary venous spasm. Although there was no history of loss of consciousness the nature of the assault on our patient may have caused a significant head injury. Cases of unilateral neurogenic pulmonary oedema have been described 5 .
Awareness of the pathophysiology of unilateral pulmonary oedema after acute upper airway obstruction is important for the correct diagnosis and subsequent management. Once the clinical diagnosis has been made, treatment should be supportive, aimed at maintaining adequate arterial oxygenation, if necessary with positive pressure ventilation, until the condition resolves spontaneously.
